Supplementary Information
S2. Supplementary XRD figures

S3. TEM results
In order to characterize the recovered Sb 2 Se 3 structure, TEM studies on both the initial and recovered Sb 2 Se 3 powder materials were performed (Figs. S4 & S5) . The starting materials for the XRD measurements consist of micron-sized grains [ Fig. S4(a) ]. In contrast, the quenched sample exhibits even smaller (~ 100 nanometers) grain size [ Fig. S5(a) ], which can account for the broadened Bragg peaks in the XRD spectra of the decompression cycle (Fig. S2) . Actually the sharp grain boundaries between the grains of the recovered sample [ Fig. S5(d) ] suggest that that pressure grinds and crushes the sample into smaller grains, which maintain their size upon further compression and decompression processes. Furthermore, the measured interplanar spacing d(101)= 0.77nm in starting materials [ Fig. S4 4 , and several other physical properties 5, 6 significantly. In a nutshell [for a review see e.g. Ref. 7 ], LEPs are cationic valence electrons that do not participate in any direct chemical bonding with the corresponding anions. LEPs appear to occupy space in the local ligand sphere of the respective (central) cation like a regular ligand. The presence of this stereochemically active lone electron pair can result in asymmetric local environments around the central cations, leading to cationic polyhedral distortions. Therefore, the degree of distortion for the respective the cation polyhedra can provide a reasonable estimate for the LEP stereochemical activity.
S4. Supplementary Raman results
In order to calculate the pressure dependence of these polyhedral distortions and evaluate the stereochemical activity of the Sb 3+ lone pairs in Sb 2 Se 3 in the Pnma structure as a function of pressure, we have employed the IVTON software 8 . The distortion of a cation polyhedron can be quantified by several parameters [9] [10] [11] ; here, however, we employ the cation eccentricity as an indirect measure of the stereochemical activity. The cation eccentricity is defined as the displacement of the cation from the centroid (ideal center) of its coordination polyhedron divided by the average cation-ligand distance 12 . Therefore, the larger the cation eccentricity, the larger the LEP stereochemical activity.
In order to establish a connection between cation eccentricity and LEP stereochemical activity for the Pnma structure, we have calculated the cation eccentricities for several RE 2 Fig. S8(a) ]. The cation eccentricities for both cationic sites are close to zero for all RE 2 Se 3 materials. In addition, the same calculation was performed for the Bi 2 Se 3 -II phase (Pnma phase) 17 , which has active LEPs [ Fig. S8(a) ]; both Sb cationic sites exhibit a finite value of eccentricities. Since all of these compounds adopt the same crystal structure, it becomes clear that the Pnma phase alone does not impose any significant cation eccentricity; it is rather the presence of LEPs that generates the eccentricity of cation positions in this structure [ Fig. S8(a) ]. Finally, and in order to validate our method further, we have calculated the cation eccentricities for the mixed-valent Ag 25 Bi 3 O 18 18 compound [ Fig. S8(a) ]. In this structure, both Bi 3+ (LEP active) and Bi 5+ (no lone pairs) reside in octahedral sites. As expected, the cation eccentricity for pentavalent bismuth is zero [ Fig. S8(a) ], i.e. Bi 5+ resides in an undistorted octahedron due to the absence of LEPs. Therefore, the cation eccentricity is a good qualitative measure for the LEP stereochemical activity.
Turning now to the case of Sb 2 Se 3 , Figure S8 (b) displays the pressure dependence of both Sb(1) (black squares) and Sb(2) (red circles) cation eccentricities up to 35 GPa. It is important to remind here that the two Sb cations exhibit different coordination environments (Fig. 1): Sb (1) coordinates with seven Se anions, whereas for Sb(2) the coordination is described as 7+1. At low pressures, the coordination of Sb(2) can be viewed as sevenfold due to the initially large Sb(2)-Se(3)/long bond length [ Fig. 3(c) ]. Upon pressure increase, however, the Se(3) anion "enters" into the Sb(2) primary coordination sphere, thus making the Sb(2) coordination eightfold. In order to be consistent, we have assumed a sevenfold coordination around both Sb(1) and Sb (2) cations throughout the investigated pressure range.
From Fig. S8(b) we can observe the following pressure-related effects: (I) Both Sb(1) and Sb(2) cation eccentricities decrease upon increasing pressure, signaling a decrease in the Sb 3+ LEP stereochemical activity upon compression. The same situation is evidenced in isostructural Sb 2 S 3 19 and Bi 2 S 3 20 compounds. (II) The Sb(1) cation eccentricity is higher than that of Sb(2) below ~2 GPa; above that pressure, Sb(2) exhibits a larger cation eccentricity than Sb(1). A similar reversal of cationic eccentricities was observed for Sb 2 S 3 at ~3 GPa 19 . (III) The pressureinduced decrease for the Sb(1) cation eccentricity is significantly higher than that of Sb(2) up to 10 GPa. Beyond this point, the rate of change for the Sb(1) eccentricity against pressure is almost halved than that of Sb (2) . It is interesting to note here that the lone pair of Sb(1) points towards the Sb(1)-Se(3)/long direction, as in Sb 2 S 3 19 and Bi 2 S 3 11,20 ; one can notice the close resemblance between the pressure-induced behavior of the Sb(1) eccentricity [ Fig. S8(b) ] and the Sb(1)-Se(3)/long bond length [ Fig. 3(d) ]. On the other hand, the pressure dependence of the Sb(2) eccentricity remains linear throughout the investigated pressure range. (IV) By extrapolation of the data, the Sb(1) and Sb(2) cation eccentricities will reach zero values at 40 GPa and 47 GPa, respectively. These values lie very close to the onset pressure of the Pnma-to-Im-3m structural transition [ Figs. 3(a, b) ]. Since no LEP stereochemical activity is expected for the highly symmetric bcc phase of Sb 2 Se 3 , it is tempting to directly correlate the gradual pressure-induced decrease of the LEP activity [ Fig. S8(b) ] with the Pnma-Im-3m structural transition. Even though the suppression of LEP activity has been associated with structural transitions under pressure before 21, 22 , more appropriate experimental probes will be required to identify the microscopic origin behind the Pnma-Im-3m transition for Sb 2 Se 3 . 
